Land vulnerability and development can be restricted by both land policy and geophysical 15 limits. Land vulnerability and development cannot be simply quantified by land cover/use 16 change, because growth related to population dynamics is not horizontal. Particularly, time-17 series data with a higher flexibility considering the ability of land to be developed should be 18 used to identify areas of spatiotemporal change. By considering the policy aspects of land 19 development, this approach will allow one to further identify the lands facing population 20 stress, socioeconomic burdens, and health risks. Here the concept of "land developability" is 21 expanded to include policy-driven factors and land vulnerability to better reconcile 22 developability with socio-environmental justice. The first phrase of policy-driven land 23 developability mapping is implemented in estimating land information across the contiguous 24
Surface water coverage in this study was based on information from the National Land Cover 112 Database (NLCD) for 2001 , 2006 , and 2011 (Homer et al., 2004 , 2007 , 2015 . NLCD is a 113 satellite-based product of the Multi-Resolution Land Characteristics Consortium and the U.S. 114
Geological Survey (USGS) and has adopted a land use classification scheme of eight major 115 categories. 116
Surface water in our study is the "open water" subcategory under the "water" class in 117 NLCD, consisting of areas with less than 25% vegetation and soil coverage within a radius of 118 approximately 30 meters. . 119
Steep slope is defined as all with a slope ≥20%, based on data retrieved from the Digital 120 Elevation Model (DEM) under the Shuttle Radar Topography Mission (SRTM). SRTM is an 121 international research program of the Consultative Group on International Agricultural 122
Research-Consortium for Spatial Information (CGIAR-CSI), which records global elevations 123 at a resolution of 3 arcseconds (Jarvis et al., 2008) . The original data in this dataset were 124 collected in February 2000 from a specially modified radar system during an 11-day satellite 125 mission, and SRTM Version 4 is a hole-filled DEM that was modified from the original data 126 using a method of void-filling interpolation (Reuter et al., 2007) . Reclassification was applied 127 to the slope to spatially delineate the areas with gentle slopes (<20%) and steep slopes 128 (≥20%). 129
Built-up lands are areas (approximately 30 m radius) with 20% or more impervious 130 surfaces. They are identified based on NLCD. Built-up lands commonly contain single/multi-131 family houses, apartments, townhouses, and other commercial/industrial land. 132 https://doi.org/10.5194/essd-2020-3 (McGhie et al., 1996) . The lands classified as wetland 138 in NLCD were "woody wetlands" and "emergent herbaceous wetlands." The USGS Federal 139 and Indian Lands map listed protected wildlife areas as "wilderness," "wilderness study 140 area," and "wildlife management area"; and wildlife areas in MAD were "wilderness," 141 "wilderness study area," and "wild and scenic area." 142 Tax-exempt land was identified from the USGS Federal and Indian Lands map and MAD. 143 It included all federally or state owned areas (forests, parks, trails, wildlife refuges, fisheries) 144 that were retrieved from these datasets. 145 146 2.3 Geovisualization of land developability in multiple scales 147 SMCA is a statistical method that can combine spatial data layers. During analysis, each data 148 layer is assigned a specific weight that considers its importance in terms of risk or 149 vulnerability. To avoid subjectivity, as documented in the 2002 guidelines of the United 150 Nations Environment Programme (Ho et al., 2018) , we used an additive approach, giving 151 equal weight to all spatial layers. 152
We applied SMCA to map land developability using the following procedure: 153 1) Spatial data layers that represent the undevelopable lands defined previously were 154 resampled into binary layers in raster format. The resultant layers were at a 90 m 155 resolution, with 1 indicating an undevelopable area and 0 indicating a location that 156 is theoretically developable. 157
2) All binary layers were overlaid, and the sum of all values from pixels at the same 158 https://doi.org/10.5194/essd-2020-3 3) The layers of sums of all values were reclassified by the following criteria: if a 160 location has a value ≥1, it was changed to 0 to indicate undeveloped land. If it was 0, 161 it was re-designated 100 to signify 100% land developability within a 90 m pixel. 162
We applied the zonal statistics to the subsequent map in binary format to estimate the 163 percentage of land developability based on the boundary of each state, county, and census 164 tract. We repeated this estimation to calculate land developability at the state, county, and 165 census-tract level across the United States separately for 2001 and 2011. 166 All land developability maps were then launched to a web-based GIS platform through an Freshw. Ecosyst., 26, 103-120, doi:10.1002/aqc. 2652, 2016. 298 He, Y. and Beighley, R. E.: GIS-based regional landslide susceptibility mapping: a case study in 299 southern California, Earth Surf. Process. Landforms, 33, 380-393, doi:10.1002 Landforms, 33, 380-393, doi:10. /esp, 2008 Hedblom, M., Andersson, E. and Borgström, S.: Flexible land-use and undefined governance: 301
From threats to potentials in peri-urban landscape planning, Land use policy, 63, 523-527, 302 doi:10.1016/j.landusepol.2017.02.022, 2017. 303 Ho, H., Knudby, A., Chi, G., Aminipouri, M. and Yuk-FoLai, D.: Spatiotemporal analysis of 304 regional socio-economic vulnerability change associated with heat risks in Canada, Appl. 305
Geogr., 95, 61-70, doi:https://doi.org/10. 1016/j.apgeog.2018.04.015, 2018. 306 Ho, H. C., Lau, K. K. L., Yu, R., Wang, D., Woo, J., Kwok, T. C. Y. and Ng, E.: Spatial variability of 307 geriatric depression risk in a high-density city: A data-driven socio-environmental 308 vulnerability mapping approach, Int. J. Environ. Res. Public Health, 14, 309 doi:10.3390/ijerph14090994, 2017. 310 Homer, C., Huang, C., Yang, L., Wylie, B. and Coan, M.: Development of a circa 2000 311 landcover database for the United States, Photogramm. Eng. Remote Sens., 70, [829] [830] [831] [832] [833] [834] [835] [836] [837] [838] [839] [840] 312 https://doi.org/10.5194/essd-2020-3 ASAE, 37, 1835 ASAE, 37, -1840 ASAE, 37, , doi:10.2136 ASAE, 37, /sssaj2000.6451759x, 1994 Lyles, L. W., Berke, P. and Smith, G.: Do planners matter? Examining factors driving 330 incorporation of land use approaches into hazard mitigation plans, J. Environ. Plan. Manag., 331 57, 792-811, doi:10.1080 Manag., 331 57, 792-811, doi:10. /09640568.2013 Manag., 331 57, 792-811, doi:10. .768973, 2014 Martinuzzi, S., Januchowski-Hartley, S. R., Pracheil, B. M., Mcintyre, P. B., Plantinga, A. J., 333
Lewis, D. J. and Radeloff, V. C.: Threats and opportunities for freshwater conservation under 334 future land use change scenarios in the United States, Glob. Chang. Biol., 20, 113-124, 335 doi:10.1111 /gcb.12383, 2014 McGhie, R. G., Scepan, J. and Estes, J. E.: A comprehensive managed areas spatial database 337 for the conterminous United States, Photogramm. Eng. Remote Sensing, 62, 1303 Sensing, 62, -1306 https://doi.org/10.5194/essd-2020-3 and Brix, H.: Wetlands, carbon, and climate change, Landsc. Ecol., 28, 583-597, 341 doi:10.1007 /s10980-012-9758-8, 2013 Ng, E.: Policies and technical guidelines for urban planning of high-density cities -air 343 ventilation assessment (AVA) of Hong Kong, Build. Environ., 44, 1478 -1488 , 344 doi:10.1016 /j.buildenv.2008 .06.013, 2009 Oberlack, C., Tejada, L., Messerli, P., Rist, S. and Giger, M.: Sustainable livelihoods in the 346 global land rush? Archetypes of livelihood vulnerability and sustainability potentials, Glob. 347 Environ. Chang., 41, 153-171, doi:10.1016 /j.gloenvcha.2016 .10.001, 2016 Ockenden, M. C., Deasy, C., Quinton, J. N., Surridge, B. and Stoate, C.: Keeping agricultural 349 soil out of rivers: Evidence of sediment and nutrient accumulation within field wetlands in 350 the UK, J. Environ. Manage., 135, 54-62, doi:10.1016 Manage., 135, 54-62, doi:10. /j.jenvman.2014 Manage., 135, 54-62, doi:10. .01.015, 2014 Petersen, W.: Malthus: Founder of Modern Demography, 1st ed., Routledge, New York., 352 1999. 353 Reuter, H. I., Nelson, A. and Jarvis, A.: An evaluation of void-filling interpolation methods for 354 SRTM data, Int. J. Geogr. Inf. Sci., 21, 983-1008 , doi:10.1080 /13658810601169899, 2007 Sharaf, S. A., Serra, P. and Saurí, D.: A district and sector land-use and landscape analysis of 356 urban sprawl in Al Ain municipality (United Arab Emirates): Just a quick conversion from sand 357 to a built-up environment?, Appl. Geogr., 95, 88-100, doi:10.1016 /j.apgeog.2018 .04.008, 358 2018 Trop, T.: From knowledge to action: Bridging the gaps toward effective incorporation of 360 Landscape Character Assessment approach in land-use planning and management in Israel, 361 Land use policy, 61, 220-230, doi:10.1016 /j.landusepol.2016 .10.052, 2017 The performance and potential 363 of protected areas, Nature, 515, 67-73, doi:10.1038 Nature, 515, 67-73, doi:10. /nature13947, 2014 https://doi.org/10.5194/essd-2020-3 A., 110, 4134-4139, 366 doi:10.1073/pnas.1215404110, 2013. 367 Zhang, T., Xu, D., He, F., Zhang, Y. and Wu, Z.: Application of constructed wetland for water 368 pollution control in China during 1990 -2010 , Ecol. Eng., 47, 189-197, 369 doi:10.1016 /j.ecoleng.2012 .06.022, 2012 Zhou, S., Fang, L. and 
Figure Legends

